CHAPTER 3. DESIGN CONSIDERATIONS

Section 3-1 lLoads

As provided in the specifications, the fal sework system nust be
designed to resist the sumof all dead and live vertical | oads,
plus an assuned horizontal |oad.

3-1.01 Dead Loads

Except as provided in the follow ng paragraph, the dead | oad on
a nenber is wei ght of the concrete, forns and reinforcing
steel it is required to support, plus its own weight. The

m ni mrum val ue given in the specifications for the weight of
concrete, forns and reinforC|ng steel is 160 pounds per cubic
foot for normal concrete and 130 pounds per cubic foot for

|'i ghtwei ght concrete.

When cal cul ati ng actual beam deflection for conparison to the
maxi mum defl ection allowed by the specifications, the dead |oad
on the nenber is the weight of the concrete only (see

Section 3-2.01). For the dead load calculation, it is
customary to use 150 pcf for normal concrete. For |ight weight
concrete, use the actual value as determ ned from unit-weight
tests.

Fal sewor k nust be designed to support the dead | oad wei ght of
the entire superstructure cross section, excluding the weight
of the railings, with the single exception of girder stens, and
connected bottom sl abs when deck concrete is placed nore than
five days after girder-stem concrete. In such cases the girder
stem may be considered as sel f-supporting between fal sework
posts wnhen the top slab is placed, provided the distance

bet ween fal sework posts does not exceed four times the depth

of the portion of the girder placed in the first pour

The purpose of this exception is to reduce the design dead | oad
on joists and stringers for box-girder structures in those
cases where the girder stem (and the soffit slab as well where
the soffit slab 1s |oaded by the deck fal sework) has gai ned
sufficient strength to carry the weight of the top slab

3-1.02 Live Loads

The design live |load consists of a uniformload of 20 pounds
per square foot applied over the total area supﬁorted; plus the
actual weight of construction equipnment, with the weight
applied as a concentrated |oad at each point of contact; plus

a uniformload of 75 pounds per linear foot applied at the
outsi de edge of deck overhangs.

Judgnent is required when investigating the effect of |ive
| oads caused by construction equi pnent, since instances wl |
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occur where equipment |ive |oad and concrete dead | oad are not
applied at the sane tinme. For exanple, when concrete placing
equi pnment (such as a belt-spreader) is used in advance of the
concrete front, there are two |oading conditions. One |oading
condition will be uniformlive |oad plus equipnent |ive |oad
plus an allowance for weight of forms and reinforcing steel,
while the other will be uniformlive |oad plus the normal dead
| oad. Both conditions should be investigated.

For application of the uniform 20 psf live load; the total area
supported includes the area of construction wal kways t hat
extend beyond the outside edge of the deck or the deck over-
hang, However, the design load for all falsework supporting
the wal kway is the mninumvertical |oad, or 100 psf, as

di scussed in the follow ng section.

The uniformload of 75 pounds per linear foot is applied only
at the edge of deck overhangs. itis not applied along the
edge of slab bridges or box girder bridges w thout overhangs,
or at the edge of an interior deck construction joint.

3-1.03 Mninmum Vertical lLoad

Regardl ess of the actual |oad inposed, the m ninum vertical

| oad (dead load plus live load) to be used in the design of any
fal sework nmenber may not be |ess than 100 pounds per square
foot, measured over the total area supﬁorted by that nenber.

For application of this requirenent, the term"total area
supported" neans, and includes, any area that is subjected to a
dead load or a live |load during any constructi on sequence.
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In the past, some confusion has occurred as to the design |oad
for fal sework supporting a construction wal kway extending
beyond the edge of deck or deck overhang. Refer to Figure 3-1,
and note that Joist A Beam B, Post C, Joist D and BeamE, and
fal sework nmenbers supporting Beam E, all see the construction
wal kway area as part of the "total area supported".

Figure 3-2 is a schematic portrayal of the various |oads and

| oad conbinations specified for design of the deck overhang

fal sework. For the construction wal kway itself (the wal kwav

pl anks or plywood) the design load is 20 psf. However, for the
fal sework menbers supPorting t he wal kway, the design load is
the mninmumvertical [oad, or 100 pounds per square foot.

Minimum Load = 100 psf

[

Uniform Live Lood

Dead Load P (linebr live lood) Dead Load - Actual weight of PCC, rebar,
Dead forms, falsework.
< Locg

L

Live loads - Actual equipment load,

v 0 uniform load of 20 psf.

) P = 75 pounds/foot applied at edge of
Scofety Rail deck overhang.

<
(not falsework) yniform live load is applied over
<L the total area supported.
: / . Minimum total design load for any
ﬂ falsework member is not less than
100 psf for live load plus dead
FI GURE 3-2

3-1.04 Loaded Zone for Deck Overhangs

Experi ence has shown that concentrated |live |oads, such as the
load fromfinishing bridges and other m scellaneous equi pnent
and materials not otherw se considered, can and do occur at or
near the edge of a bridge deck during the concrete placing and
finishing operations. In the case of deck overhangs, these

| oads may significantly increase the stresses in the overhang

f al sewor supﬁort system To account for the accunul ated
effect of such |oads, the specifications include the require-
ment for a live load of 75 pounds per |inear foot applied al ong
t he outside edge of all deck overhangs.

Wiile the specified linear live |oad is a necessary design
consi deration for deck overhang fal sework, its application to
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fal sework components bel ow the overhang support systemw !l in
the case of long fal sework spans inpose a design load that is
unlikely to occur in actual. practice. To prevent an unreal -
istic loading condition for fal sework nenbers bel ow the |evel
of the bridge soffit, it is Division of Structures policy to
l[imt the distance over which the specified 75-pound |inear
live load is applied to a | oaded zone 20 feet in |length neas-
ured along the edge of the overhang. The | oaded zone wll be
viewed as a noving |oad positioned to produce maxi mum stresses
in the falsework menber under consideration

The | oaded zone concept for aﬁplication of the 75-pound |inear
live load will be used when checking stresses in stringers,
caps, posts and other nenbers of the fal sework system bel ow the
| evel of the bridge soffit in all cases where the fal sework
spans exceed 20 feet in |ength.

The | oaded zone concept wll also aFEIy to the mninmumvertica
| oad (100 psf) on a construction wal kway adjacent to the edge
of the deck overhang. That is, when investigating stresses
Broduced bY the construction wal kway |oad in fal sework menbers
elow the level of the-bridge soffit in any case where the
fal sework spans exceed 20 feet, the 100 pst mninmum|load wll
be applied wi thin, but not beyond, the 20-foot |oaded zone as
di scussed above.

3-1.05 Vertical Design Load at Traffic Openings

The vertical design load for certain falsework menbers at
traffic openings I's increased to 150 percent of the |oad
calculated in the usual manner. The application of this
requi rement is discussed in Chapter 8.

3-1.06 Horizontal Loads

The specifications require the "fal sework bracing system to be
gapabLe of resisting an assuned horizontal |oad applied in any
irection.

As a design load, the assuned horizontal load is the sum of any
actual |oads due to equipnent, construction sequence or other
causes, plus an allowance for wnd. In no case, however, may
the horizontal design |load be |ess than two percent of the
total supported dead |oad at the |ocation under consideration.

Keep in mnd that the specified horizontal design |oad is an
"assuned" load. Since it is an assunmed load, it wll not be
equal , necessarily, to any actual horizontal |oad that may
occur. Nevertheless, the fal sework bracing system nust be
designed to resist the horizontal design load with the false-
work in either the | oaded or unloaded condition.
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The requirenent that fal sework bracing nust be designed to
resist a horizontal load is included in the specifications to
ensure both transverse and |ongitudinal stability. Fal sework
system stability is discussed in Chapter 5.

3-1.06 Wnd lLoads

The m ni mum horizontal design |oad (two percent of the total
supported dead load) will govern the design for typical hi ghway
separation structures and otherstructures where the fal sework
height is |less than about 30 feet. Depending on fal sework
confiPuration, wi nd may be a design consideration when height

of falsework exceeds 30 feet, and wnd |oads will govern nost
designs where fal sework height exceeds about 40 feet.

Determ ning the actual force exerted by wind on bridge false-
work is a highly indeterm nate problemdue to the nunber of
variable factors involved. These variable factors include the
true wind velocity, the dowwind width of the fal sework system
t he downw nd di stance between adjacent menbers, the drag or
shape factor for the various nenbers, the "solidity ratio" or
percentage of solid-surface in a given gross frontal area, and
the height of the fal sework above the ground.

Al though it would be theoretically possible, for a given false-
work system to establish values for each of these variables,
such a procedure woul d be cunbersone and tinme-consum ng at
best, and (because of the subjective judgnents involved) would
not necessarily result in a nore accurate answer than may be
obtained by a sinplified nethod. This, together with the need
to ensure statewide uniformty in the wind |oad calculations,
has | ed to the devel opnent of a sPecification whi ch recogni zes
the effect of the nore influential variables and assigns a
coefficient to cover the others.

For the wind |oad cal culation, the specification considers two
general falsework types: (1) heavy duty steel shoring and steel
pi pe colum fal sework where the vertical nenbers have a | oad
carrying capacity exceeding 30 kips per tower |eg or pipe
colum, and (2) all other falsework, including falsework
supported by heavy duty shoring or pipe colums.

For heavy duty shoring and piﬁe colum fal sework systens; the
wind |oad is the product of the wind inpact area, a shape
factor, and an appropriate wnd pressure value. The w nd

i npact area is defined as the total Erojected area of al
elements in a tower face or fal sework bent normal to the
direction of the wnd. The shape factor is included to account
for the effect of wwnd drag forces on the nmenbers and, for
heavy duty shoring, the effect of wind acting on nenbers in the
other three tower faces.
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For all other falsework, including falsework supported by heavy
duty shoring and pipe colums, the wind load is the product of
the wind i npact area and an appropriate wind pressure val ue.

The wind inpact area is the gross projected area of the false-
wor k and anﬁ unrestrained portion of the permanent structure,
excluding the area between fal sework bents or towers where

di agonal bracing is not used. In the specification context,

the term "diagonal bracing” does not include flexible bracing
systens.

For all falsework types, the wind pressure value is a function
of the height of the falsework. nd pressure values, for each
hei ght zone, are tabulated in the specifications.

Except for falsework on driven pile bents, the height to be
used in the wnd inpact area calculation is the verti cal

di stance between the top of the conponent of the fal sework
system about which overturning rotation can occur and the
bridge soffit. In the case of pile bents, judgnent is required
to determine the lower limt of the wnd inpact-area. If the
piles are cut off and capped near the ground, the lower limt
wll be the plane at the pile cut-off elevation. If, however
the piles extend an appreciable distance above the ground, or
above the water surface for structures over water, the entire
hei ght of the fal sework (measured from ground or water surface
to bridge soffit) should be used.

Wien cal culating wind inpact areas, keep in mnd that formwork
extendi ng abpve the bridge soffit is not part of the w nd
| npact area

W nd pressure height zones are always nmeasured from the ground
up regardl ess of falsework configuration

Exanpl e problens illustrating the procedure to be followed when
calculating the wind | oad on various fal sework systemns are
included in the appendix.

f Wn horin

For wind acting on heavy duty steel shoring, the critical
| oading condition will occur when the wind force is applied at
right angles to the tower faces. The effect of wind acting in

' Flexible bracing includes cable, reinforcing steel bars,

steel rods and bars, and simlar menbers that do not resist
conpressi on.

*The specifications exclude formwrk from the w nd inpact

area under the assunption that when subjected to the design
wi nd |oad, the forns would be blown off the fal sework.
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in the case of

tenporary bracing installed during fal sework erection and/or

removal

The hori zont al
heavy duty steel

1 . Fromthe tabulation in the Standard Specifications,
the wind pressure for

each height zone.

design | oad produced by wind forces acting on
shoring is determned as follows:

sel ect

2. Miltiply the selected wind pressure by the specified shape
factor (2.2) to obtain the design w nd pressure.

3. Calculate the total (
hei ght zone by multiplyin
projected area of all
to the applied w nd.

t ot al
nor mal

w nd force per tower

_ r (W) for each
the design wind pressure by the
the elements in the tower

face

The follow ng tabulation shows the projected area, in

square feet per foot of tower height,

for heavy duty steel

shoring systens approved for use on State projects. In
rojected area of the nenbers has been

the tabul ation;
adj usted to account

t he

or the effect of brackets,

gussets

and other m nor conponents within the tower cross-section.

No Legs WACO PAFCO WADCO H - CAP
per face Shoging Shoyin Shoyin Sho;ing
(ft = [ft) (ft /H? (ft /H? (ft = /ft)
2 2.00 1.75 1.93 1. 64
3 2.50 2.25 2.43
4 3.00 2.75 2.93
=—
=
— =
—_—
—> —
—= =—

No. of — lew No of
Legs = — - Legs = 4
— =
—> =
— =—

(EEEEEEEEEEERE Y|

No. Of Legs

3-3

= 2
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4. For each height zone, calculate the overturning nonent by
mul tiplying the wind force (fromstep 3) by the distance
fromthe base of the tower (top of the tower footing) to
the center of pressure. Add the overturning nonents for
each height zone to obtain the total overturning nonent.

5. Divide the total overturning nonent determned in step 4
by the vertical distance between the tower base and a
hori zontal plane at the top of the highest falsework
tower. The value thus obtained is the horizontal design
load for wind (DW) acting on the tower.

3-1.06A(1) Analysis in the Transverse Direction

Cal cul ation of the horizontal designload for wind acting in
the transverse direction is shown schematically in Figure 3-3.

5 R .:T T :jx...- -

: e Wnd Load per Tower
, : T 1. Shoring
o | OTM, =WF,h, + WF,h, + WF;h,
e 2. Supported falsework
A A A OTM, = 0.5 WF,h,
Lo [ 3. Resultant wind load
AR 3 OTM, + O
AR i, = O * 0T
L Lo hy,

W = wind force acting on DW = design w nd | oad.

fal sework in a given
hei ght zone.

FI GURE 3-3

Except as provided in the foll ow ng paragraph, adjacent towers
in the same fal sework bent nmust each resist the design w nd
| oad because the upw nd tower does not shield the downw nd

tower to any significant degree. This premse will be consid-
ered valid regardl ess of the distance between the towers, and
w Il include those configurations where the space between abut-

ting legs of adjacent towers is mnimal. See Figure 3-4.
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FI GURE 3-4

If the abutting | egs of adjacent towers are connected, the
total wind load for the two towers will be assunmed as 1.5 tines
the design wind |oad acting on the upwi nd tower face. For

anal ysis of the system distribute one-half of the total w nd

| oad (or 75 percent of the design wind |oad) to each tower.

See Figure 3-5.

—= jJ [F — [p*~—_ir‘ —! = HJ
— | A B | = —> A T = B |
] = ~ = L ;
= U U = - = L]
WL G 75WL G 75vL

FIGRE 3 - 5

In addition to resisting the horizontal |oad produced by w nd
acting on the shoring towers, the fal sework bracing system nust
resist the additional horizontal |oad produced by w nd acting
on elements of the falsework system (caps, stringers, joists,
etc.) supported by the shoring. The design wind |oad on
supported fal sework is calculated by the wind inpact area
method. (See Section 3-1.06C.)

Refer to Figure 3-6 and note that for wwnd acting parallel to
the fal sework bent, the wind | oad on the supported fal sework
wll be distributed to the individual towers in accordance with
the follow ng assunptions:

e For bents with two towers, one-half of the design w nd | oad
will be distributed to each tower.

o For bents with three towers or nore, one-half of the design
wind [oad will be distributed to the upwind tower and the
remai nder distributed equally to all other towers in the
bent
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DW. = Design wind |oad on supported fal sework system
W= Downw nd wi dth of supported fal sework system
determ ned in accordance with the procedure expl ai ned
in Section 3-1.06C

FIGURE 3-6

3-1.06A(2) Analysis in the Longitudinal Direction

For wind acting in the longitudinal direction or normal to the
bent, the overturning nonent calculation (wnd |oad per tower)
w |l be as depicted in Figure 3-3 for wind acting on the false-
work towers. However, distribution of the |oad produced by

w nd acting on the supported fal sework depends on the way the
system is designed to resist longitudinal forces. Accordingly,
when evaluatin? system adequacy, the load due to wi nd acting on
the supported fal sework should be distributed to the systemin
%ccgrpance wth the discussion in Section 5-1.04, Longitudinal

tability.

3-1.06B Calculation of Wnd Load on Pipe Colunmn Fal sework

For a pipe colum fal sework bent, the horizontal design |oad
due to wind acting on the bent is the sumof the wi nd | oads on
t he individual(fipe colums in the bent. Wiile this is
obvious for wnd acting normal to the bent, it is also the case
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for wind acting in the transverse direction (parallel to the
bent centerline) because, typically, the colums are so w dely
spaced that shielding will not occur

For adjacent colums where the downwi nd colum is within the
shi el ded zone, the aﬁplied wind force on the downw nd col um
wi || decrease, but this will be offset by higher drag forces
produced by increased wind turbulence. For this reason, it
Is Division of Structures policy to ignore any theoretical
decrease in wind. load attributable to downw nd shiel ding of
adj acent pi pe col ums.

The design wind load is determned as follows:

1. Select the wind pressure for each height zone fromthe
tabulation in the Standard Specifications

2. For each height zone, multiply the selected wind pressure
by the specified shape factor (1.0) to obtain the design
W nd pressure.

3. For each height zone, calculate the total projected area
of the falsework bent. The total projected area is the
sum of the Prohected_areas (hei ght of pipe colum times
diameter) of the individual pipe colums in the bent.

4. For each height zone, multiply the design wind pressure
(fromstep 2) by the total projected area (fromstep 3) to
obtain the wind force.

5. For each height zone, calculate the overturning nonment by
mul tiplying the wwnd force (fromstep 4) by the vertica
di stance between the point at the base of the pipe colum
frame about which overturning rotation wll occur and the
center of pressure.

*See Section 3-1.07 for a discussion of shielding of down-
wi nd fal sework menbers.

“The specified shape factor for pipe colum fal sework
(1.02 has been adjusted upward fromthe true shape factor of
0.8 tor circular sections to account for the effect of bracing
and connections which are ignored in the calculations. This
Brocedure I's reasonable for typical pipe colum bents where the
raci ng consists of small dianeter steel rods or reinforcing
steel, cable, or small structural shapes. However, in the
event larger bracing elenments are used, the ﬁrojected area of
t he bracing conponents nust be included in the total projected
area of the falsework calculated in step 3. For this calcul a-
tion, use a shape factor of 1.3.
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Judgnent is required when determning the point about

whi ch overturning rotation will occur. Typically, a pipe
colum bent is a rigid unit consisting of top and bottom
cap beans, two or nore colums, and internal diagonal
bracing, all supported by a foundation system \Were
adjustnment is provide at the top of the bent, the |ower
cap or sill beamw || be supported by corbels which dis-
tribute the load to the foundation. Wiere adjustnment is
provi ded at the bottom wedges wll be |ocated between the
sill beam (lower cap) and the corbels. In either typica
case when overturning forces are applied, the bent wll
tend to rotate about a point at the bottom of the | ower
cap beam For other configurations, the point of rotation
shoul d be determ ned as the |owest point in the system
aboué which rotation can occur while the frame remains
rigid.

6. Add the overturning nonments for each height zone to obtain
the total overturning nonent.

7. Divide the total overturning nonent by the vertical
di stance between the point of overturning rotation at the
base of the frame (determned in step 5) and the top of
t he hi ghest bent conponent. The value thus obtained is
the horizontal design load for wind acting on the bent.

In addition to resisting the horizontal |oad produced by w nd
acting on the fal sework nenbers in the bent, the bracing nust
resist the additional |oad produced by wind acting on elenments
of the fal sework system (stringers, joists, etc.) supported by
the bent. The wind |load on supported falsewdrk 1s calculated
by the wind-inpact-area nethod discussed in the follow ng
section.

3-1.06C Calculation of Wnd Loads by Wnd-Inpact-Area ©Mthod

Except for heavy duty steel shoring and pipe colum fal sework
bents, the design wind load to be applied to all tyﬁes of
bridge fal sework, including fal sework supported by heavy duty
shoring and pipe colum bents, is the product of an apFropriate
w nd pressure value and the wnd inpact area of the fal sework
system under consideration. This nmethod of determ ning the
design wind load is commonly referred to as the "w nd-i npact -
area” net hod.

The design wind load is calculated as fol | ows:
1. Determine the value for W which is the dowmwi nd wi dth of

the fal sework system or that portion of the system under
consideration, neasured in the wind direction.

3-12 Revi sed 11/94



DESI GN CONSI DERATI ONS

For fal sework supported b% heavy duty shoring or pipe
colum bents, Ww Il be the distance between the exterior
beans or stringers. For all other falsework, Wis the

w dth of that portion of the fal sework which supports a
continuous cap or is connected by uninterrupted di agonal
braci ng.

2. Calculate the value for drag coefficient Q Fromthe
specifications, Q= 1.0 + O2W but not nore than 10.

3. Calculate the wind pressure value for each height zone,
using the wind velocity coefficient for that height zone
as listed in the specifications and the value for Q
calculated in step 2 above.

4 Calculate the wind inpact area. The wnd inpact area as
defined in the specifications is the gross projected area
of the fal sework and any unrestrained el ement of the

ermanent structure, excluding the area between fal sework
ents where diagonal bracing 1s not used. (Keep in mnd
that the term "diagonal bracing" as used in the w nd
i npact area definition does not include flexible bracing.)

5. Calculate the total wind force for each hei ght zone by
mul tiplying the calculated wi nd pressure value by the wnd
I npact area for that height zone.

6. Calculate the overturning nonment for each hei ght zone by
nultiplﬁing the wwnd force (fromstep 5) by its distance
above the point at the base of the fal sework about which
overturning rotation will occur. For this calculation
the wind force wll be assuned as acting at the centroid
of the wnd inpact area for the height zone under consid-
eration.

When determ ning the point about which overturning rota-
tion will occur, keep in mnd that an overturning failure
occurs when a rigid elenment of the system such as a
braced frane or tower, rotates about the | owest downw nd
point of frame or tower support. Depending on the manner
I'n which post or leg loads are distributed to the founda-
tion, the point of overturning rotation may be at the top
of a corbel or other |oad distributing nmenber rather than
at the bottomof the fal sework systemas a whol e.

7. Add the overturning nonents for each height zone to obtain
the total overturning nonent.

8. Divide the total overturning nonent by the distance from

the point at the base of the fal sework about which over-
turning rotation will occur (determned in step 6) to the
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top of the fal sework post. The value thus obtained is the
hori zontal design |oad for wind acting on the fal sework
system

For evaluation of system adequacy, the wind force wll be
applied parallel to and perpendicular to the |ongitudinal axis
of the falsework bent. The effect of wind acting in other
directions need not be considered in the analysis.

For wind forces (or a wnd force conponent) applied parallel to
the axis of a falsework bent, the cal culated design w nd | oad
fpglfach w dth wnust be resisted by bracing within that

W dt n.

For wind forces applied perpendicular to the bent, resistance
to the design wind |oad should be evaluated in the sane manner
as resistance to other |ongitudinal forces.

3-1.03 Effect of Shieldins on Wnd | npact Area

When investigating the effect of wnd acting perpendicular to a
fal sework bent, consideration may be given to the shielding
provided by solid obstructions. Solid obstructions such as’
abutnment fills and pier walls wll shield downw nd fal sework
menbers to sone extent, and thus reduce the wind inpact area.
The degree of shieldin actualhy provided is specul ative, how
ever, and not easily determned. To ensure uniformty, the
assunptions discussed in the follow ng paragraphs will be
considered as Division of Structures policy.

As wi nd blows around the end of a solid obstruction, the area
over which the wind pressure is effective will increase inward
on a 2:1 ratio (downw nd distance to inward di stance) as shown
in Figure 3-7. Falsework bents within the shielded zone wll
be considered as totally sheltered fromw nd forces-

WVoand

Figure 3-7

In the case of falsework bents which are partly shielded, the
term"gross projected area of the falsework”™ wll be inter-
preted as neaning the area of the bent that is outside the
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shi el ded zone. (See Bent A in Figure 3-8.) Wen checking such
bents for stability, the total wind |oad may be distributed
uniformy along the entire length of the bent.

In the case of adjacent bents which are fastened together to
forma single, longer bent, the wind |oad nmay be distributed
into the adjacent bent provided the bents are rigidly connect-
ed. Such bents will be considered "rigidly connected" if in
the engineer's judgment, the connection is capable of transfer-
ring the wind forces. (See Bent Cin Figure 3-8.)

—fLonnected Bents

v /

Wind Impact

FI GURE 3-8

In the case of bents which are |ocated i mediately adjacent to
a solid obstruction, the effect of wind may be neglected since
the exposed area is relatively small. (Bents E, F and G)

When investigating the effect of shielding, keep in mnd that

wind may blow from any direction. Falsework bents that are
totally shielded fromw nd in one direction may be fully
gxposed when the wind forces are applied fromthe opposite
irection.

Section 3-2 Deflection and Canber

3-2.01 Beam Defl ection

Wien review ng fal sework draw ngs, a distinction must be nade
bet ween the maxi mum deflection allowed by the specifications
and the actual deflection under a given [oading condition.

The maxi mum al | owabl e deflection is calculated using the weight
of all concrete in the superstructure cross-section (as though
the entire suPerstructure were placed in a single concrete
pour) and is limted to |/240 of the span of the fal sework
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beam This limting value is included in the specifications to
ensure a certain degree of rigidity in the falsewrk and
thereby mnimze distortion of the forms as concrete is placed.

Actual deflection is the deflection that occurs as the false-
work beam is |oaded. Calculating actual deflection is the
engi neer's responsibility, since it [s used in determning the
anount of fal sework canber required.

When cal cul ating actual deflection, it is necessary to include
the weight of forms and fal sework supported by the beam the
wei ght of the beamitself, and the weight of the concrete. In
addi tion, consideration nust be given to such factors as the
sequence of construction and the depth of the superstructure
when two or nore concrete pours are involved.

The specifications do not include a limting value for live

| oad deflection, since live |oads are of a transient nature.
However, when a bridge deck finishing nachine is supported at
the outer edge of a cantilevered deck overhang/particular care
nmust be taken to prevent excessive deflection of the deck

over hang support system Unless special precautions are taken
the concentrated | oad due to the weight of the finishing
machi ne may cause the deck overhang to defl ect appreciabl
respect to the remainder of the deck surface, and this w
decrease bridge deck thickness. and reduce reinforcing steel
cover, both of which are detrinmental to the conplete
structure.

Ylmjth

The applicable specification in this case is the general

requi rement that fal sework nust be designed and constructed so
as to produce in the finished structure the lines and grades
shown on the plans. To ensure conpliance with this general
requirenent, it is Division of Structures policy to add the
defl ection due to the weight of a deck finishing machine to the
defl ection due to the weight of the concrete, and the sum of
these two deflections should not be so large as to adversely
affect the character of the finished work. Cbviously, this

w Il require engineering judgnent. The inportant point is that
the weight of the finishing machine be considered, and the
total deflection limted to a realistic value.

> The specifications require the contractor's design

calculations to show the "stresses and deflections in |oad
supporting nenbers." Said deflections, which nmay not exceed

| /240 of the span, are calculated using the theoretical weight
of the concrete supported by the nenber: There is no

requi rement that the contractor furnish "actual" deflections.
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3-2.01A Negative Deflection

DePending on the concrete placing sequence, negative (upward)
defl ection may occur where fal sework beans are continuous over
a long span and a relatively short adjacent span. This
condition (negative deflection at the end support) is an

I ndi cation of systeminstability and nust be considered in the
fal sework design. If beam uplift cannot be prevented bg

| oadi ng the short span first, the end of the beam nust be
restrained or the span |engths changed. Division Folicy does
not permt approval of any design where theoretical beam uplift
wi || occur under any |oading condition.

Wien fal sework beans are considerably |onger than the actual

fal sework span, the beam cantil ever extending beyond the point
of support wll deflect upward as the main span'is |oaded. The
fal sewor k design nust include provisions to acconmodate this
upward deflection. The usual method uses a filler strip (often
called a "sleeper") on the main span only, which allows free
movenent of the beam cantilever

3-2.02 Canber

The term "canber” is used to describe an adjustnment to the
profile of a Ioad-supﬁorting beam or stringer so the conpleted
structure will have the lines and-grades shown on the plans.

I n theory, the canber adjustnent consists of the sumof the
follow ng factors:

Anticipated total deflection of the fal sework beam under
its own weight and the actual |oad inposed.

Difference between beam profile and profile grade, also
called vertical curve conpensation

D fference between beam profile and ultinmte super-
structure deflection curve,

Difference between beam profile and any permanent or
residual camber to remain in the structure for its usefu
service life.

In structures with parabolic soffits, an additional adjustnent
may be required to account for the difference between beam
profile and soffit curvature.

When fal sework beans are relatively short, the theoretica

adj ustnent due to vertical curve conpensation, ultinmate super-
structure deflection and desired residual camber will be small
and may be neglected. As fal sework spans increase, these
factors beconme increasingly significant and nust be considered
along with beam deflection
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More than any other single factor, the satisfactory apPearance
of a conpleted structure will depend on the accuracy of the
canber used in the falsework construction. Cbviously, good
judgment will be required, particularly in determning the
amount of canber to be used to conpensate for anticipated dead
| oad fal sework deflection.

In general, the weight of the top slab of conventionally rein-
forced box girders should be omtted when cal cul ati ng canber,
since additional stringer deflection as the top slab is placed
usually is insignificant. In the case of cast-in-place pre-
stressed construction, falsework span |ength nay be an inpor-
tant consideration. In such structures, judgnent wll be
required as to the relative stiffness of the girder stens, and
whet her and how much they will resist additional deflection as
the top slab is placed.

3-2. 02A Canber Strips

Wien directed by the engineer, the contractor is required to
furni sh canber strips to conpensate for beam deflection and to
ad%ust the final profile for vertical curve, superstructure

defl ection and residual canber considerations.

When to require canber strips is a matter of engineering
judgnment. As a general rule, canmber strips-are not necessary
unl ess the total canmber adjustnment exceeds about |/4-inch for
beans su porting the edge of the girder soffit or deck overhang
and/ or about |/2-inch for beans at interior |ocations.

Because canber strips are an incidental part of the fal sework
system their installation seldomreceives nore than cursory
attention. Casual treatnent of canber strip installation can
result in an unforeseen, and undesirable, |oading of the false-
work beam For exanple, a camber strip placed at a distance
away fromthe centerline of a steel beam may induce torsional
stresses that were not considered in the fal sework design.
Undesirabl e torsional stresses may be induced in beanms support-
ing falsework for structures having steep cross slopes, even if
the canber strip is properly placed along the beam centerli ne.
For such structures, unless the vertical dinension of the
canber strip includes an allowance to conpensate for cross
fall, the joist nmay bear on the edge of the beam flange rather
than on the canber strip itself.

® Canber strips are lengths of wood cut to the shape of the

canber curve and fastened to the top of the fal sework beam or
stringer. Typically, canber strips wll be secured by nailing
to the top of tinber nenbers, or by banding in the case of,
steel nmenbers.
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To ensure proper design and installation, canber strips nust
conformto the followng criteria:

The wdth of the canber strip shall be not less than
| -1/2 inches.

Structure cross slope, allowable wood crushing, and joist
defl ection shall be considered when determ ning the height
of the canber strip. The m ni mum hei ght of the canber
strip shall be such that the joists wll not cone into
contact with any part of the fal sework beam under any

| oadi ng condition.

Canmber strips shall be centered along the |ongitudinal
centerline of the fal sework beam

Canber strips shall not extend onto the unl oaded portion
of a trailing beam cantilever.

The al | owabl e stress for perpendicular-to-the]ﬂ;ain | oadi ng has
been increased from 450 psi to 900 psi for canber strip bearing
| oads. Wen the applied | oad produces the maxi nrum all owabl e
stress, canber strip deformation due to crushing shoul d not
exceed about |/8-inch.

[f the anount of canber is large, as: would be the case, for
exanpl e, where a curved bridge soffit is supBorted by a | ong
fal sework beam the canber strips should be braced or built up
wth wde nmaterial to avoid lateral instability. The use of

| ateral | y-unsupported tall, narrow canber strips should not be
permtted.

3-2.03 Horizontal Deflection

Al t hough the specifications do not include a limting value for
hori zontal deflection, such deflection will be negligible in
any fal sework system where horizontal forces are resisted by
braci ng. Accordingly, horizontal deflection need not be consid-
ered in any case where the horizontal design load is resisted
by a properly designed bracing system This includes external
braci ng systens where the use of external bracing is necessary
to prevent overturning.

Hori zontal deflection will be a consideration when the horizon-
tal design load is resisted by bending in a fal sework nember.
This situation occurs when fal sework 1's supported by driven
piles that extend above-the ground surface. Wen eval uating

t he adequacy of pile bents, it is necessary to combine bending
and vertical load stresses to obtain the actual stress.

The procedure for evaluating the adequacy of fal sework pile
bents is discussed in Chapter 7.
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Section 3-3 M scell aneous Consi derati ons

Section 3-3.01 Beam Continuity

Because of the sequential, and sonmetines unpredictable, manner
in which falsework | oads are applied, beam continuity is an
uncertain design condition. To accommopdate this uncertainty,
it is Division of Structures policy to assune the continuous
beam condi tion when continuity will act to increase |oads or
stresses, but not otherw se.

For exanple, the sinple span condition will be assuned when

cal culating positive bending nonents in joists, stringers, and
simlar continuous nmenbers; however, full continuity will be
assuned when cal cul ating negative bending nonents in these sane
menbers, Assume full continuity when calculating the beam
reaction on interior supports under continuous fal sework
menbers, but assune the sinple span condition when cal cul ating
the reaction at the end support.

In a franed bent, continuity nmust be considered in any case
where stringer |oads are applied within the cap span rather
than directly over the sueforting post to ensure that allowable
post | oads are not exceeded.

Conti nuous caps are often supported by two or nore towers in a
heavy duty shoring system |f leg |oads are unequal, the

resu tin% differential leg shortening will cause a redistribu-
tion of beam reactions and a correspondi ng change in the

magni tude and | ocation of maxi num cap bendi ng stress.

When beans are continuous over two or nore spans, beam uplift
can occur in adjacent unloaded spans when concrete is placed in
one span (see discussion in Section 3-2.01A, Negative

Def | ection).

The engineer will be expected to recognize these and ot her
cases where the effect of beam continuity nmust be investigated
to prevent the overstressing of any fal sework nenber, or
instability in the fal sework system

3-3.02 Construction Seguence

Unl ess a concrete placing sequence is shown on the plans, the
fal sework drawi ngs must 1nclude a Placing di agram showi ng the
proposed placing sequence and the |location of all construction
joints. If a placing schedule or sequence is shown on the
plans, no deviation is permtted and the fal sework nust be
desi gned and constructed to accommodate the planned placing
sequence.
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The location of transverse construction joints in the bridge
superstructure is an inportant fal sework design consideration
|f a construction joint is |ocated near the md-point of a

fal sework beam the initial concrete pour on one side of the
joint will deflect the beamas the concrete dead load is
aﬁplied. Later, as concrete is placed on the opposite side of
the joint, additional beam deflection will occur. The

addi tional beam deflection | eaves the first concrete placed
unsupported, and this can result in unanticipated detrinental
stresses and even cracking in the permanent structure. To
avoid this condition, transverse construction joints in the
bri dge superstructure should be designed and constructed in
such a manner that subsequent pours will not produce additional
stresses in the concrete already in place.

| n many cases the exact |ocation of a construction joint is not
critical, and the joint can be noved a few feet in either
direction to accomodate the fal sework design. The inportant
oi nt, however, is that joint |location with respect to

al sework beam span be considered in the fal sework design, thus
avoiding a problem during construction

Wien relatively long fal sework spans are used to support T-beam
structures, the added wei ght of the deck concrete, which often
exceeds the weight of the stem |oads the stemas well as the
fal sework as the deck concrete is placed. This can produce
stresses of considerable nmagnitude in the concrete and rein-
forcing steel in the girder stem

To prevent overstressing of concrete and reinforcing steel in
the girder stens, the specifications limt the |length of

fal sework spans used to support T-beam structures to 14 feet
plus 8.5 tinmes the depth of the T-beamgirder. In the specifi-
cation context, the term"depth of the T-beam girder" neans the
di stance between the top of the deck and the girder soffit.

3-3.03 Friction

Friction as a neans of resisting-opposing horizontal forces is
a very intangible factor; accordingly, the use of friction for
this purpose should be considered with caution. Wen friction
is used, the coefficient of friction should be assuned as 0.30
for all contact surfaces.

In general, friction may be considered as resisting the ten-

dency of one nenber to slide over or across another nenber,
rovided frictional resistance is actually devel oped under the
oading condition being investigated.

Do not consider frictional resistance in any case where the
dead load is not applied uniformy through all stages of
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construction, or where continuitY woul d reduce the |oad acting
on a support under a nonuniform [ oading condition,

Do not consider frictional resistance as contributing to the
|ateral stability of beams or stringers. If flange support is
required, the nmethod of support must be positive and indepen-
dent of any theoretical frictional resistance.

Except as otherw se provided in the follow ng paragraphs, do
not consider friction as contributing to the resisting capacity
of any connecting device unless the device is specifically

desi gned and marketed as a friction-type connector.

Heavy-duty commercial and/or noncommrercial C-clanps havin% a
torgue-tlghtenlng capacity of 90 foot-pounds or nore may be

used as connecting devices in accordance with the criteria
included in Fal sework Menb No. 5 in Appendix C. Note, however
that G clanps are not to be used at any |ocation where they are
ex Psgd to vandalism such as at the bottom of posts or along
Si eans.

Approved clanps may be used to resist horizontal forces up to
3000 pounds per clanp. For falsework adjacent to traffic,
approved C-clanps by be used to resist the 500 pound force
apFlled in any direction at the top of the fal sework post as

wel |, except that a clanp used for this purpose may not be used
to resist any other force.

Approval of GCclanp installations shall conformto the follow
I ng procedure:

The location of the clanps nust be shown on the fal sework
drawings. All use restrictions in Falsewrk Meno No. 5
must be net.

e The fal sework drawi ngs nust include a note requiring al
clanps to be torqued to 90 foot-pounds m ni num

e For comercial clanps, the contractor nust furnish a
catalog cut or manufacturer's technical data sheet
describing the clanp in sufficient detail to verify
conpliance with product criteria in Fal sework Meno No. 4.

e For noncommercial clanps the fal sework draw ngs nust
i nclude a sketch showi ng the dinmensions of the clanp.
The clanp nust conply wth Fal sework Meno No. 5.

3-3.04 Prestressing Forces

Wien cast-in-place prestressed structures are stressed, the
initial stressing produces an upward deflection in the positive
noment area, and the resulting redistribution of vertical
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forces transfers the superstructure dead |oad fromthe false-
work to the adjacent abutnments and col ums.

Dead | 0oad redistribution due to longitudinal prestressing wll
not be a fal sework design consideration unless stage
construction is required, as will be the case, for exanple,

W th continuous structures having hinged connections. For such
structures, prestressing wll reduce the dead | oad on the

fal sework near the center of the suspended span and increase
the load on the falsework at the hinge. The forces involved in
the dead |oad redistribution are of considerable nagnitude,
since up to 3/8 of the total suspended span dead | oad may be
transferred to the falsework at the hinge. The |oad due to
dead | oad transfer nmust be added to the dead | oad calculated in
t he usual manner to obtain the total dead load for the

fal sework design at the hinge support.

| f the dead | oad hinge reaction (the |oad applied to the canti-
| ever span by the supported span) is not shown on the contract
plans, it may be obtained fromthe designer.

The effect of transverse prestressing is also a consideration
If the structure is designed to include transverse prestressing
of decks or caps, the special Provisions w Il include the
stressing sequence, and the fal sework nust be designed to
accommodate this sequence.

3-3.05 Long-term Superstructure Deflection

Asdiscussed in the preceding section, falsewrk at a hinge
nmust be designed to carry the additional |oad inposed when the
super-structure is stressed. Depending on such factors as the
length of tinme the falsework is to remain in place and the

met hod and sequence of fal sework renoval, |ong term deflection
of the bridge superstructure occurring subsequent to stressing
may be a design consideration as well.

Long term superstructure deflection will begin as soon as the
structure is stressed. As deflection occurs, a portion of the
dead load initially transferred to the fal sework at the hinge
wi |l be carried back to the fal sework near the center of the
span. The amount of dead |oad carry-back is a function of time
and is not easy to predict, but this should not present a
problemin nost cases because the |oad carried back cannot
exceed the load originally resisted by the fal sework.

However, if falsework is renoved in stages, field engineers
shoul d be aware that part of the redistributed |load will be
carried back with tine, and that conponents of the fal sework
systemremaining in place near the center of the span will be
subjected to a gradually increasing |oad as superstructure
defl ection takes place. Accordingly, dead |oad carry-back may
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be an inPortant consi deration when eval uating the adequacy of a
given fal sework renmoval sequence. (See also Section 9-1.14A
Stage Construction.)

3-3.067 Fal sework at Deck Overhangs

For box girder structures with cantilevered deck overhangs, the
normal two-stage construction sequence results in differential
Ioadin? of the exterior and first interior falsework beans.

The differential |oading condition is exacerbated if the
exterior girder is. also sloping outward at the top, as is
usual Iy the case. Depending on beam size and | ocation,
differential loading may result in differential beam

defl ection, causing the exterior girder stemto rotate. G rder
rotation may occur during the girder stem pour or during the
deck pour, or during both pours.

Refer to Figure 3-9, and note that during the girder stem pour,
Beam B may deflect nore than Beam A, in which case Point D will
nove upward relative to Beam B. This upward novenent at Point
D causes the girder-stemformto rotate inward. Inward rota-
tion will affect alignment and grade at the top of the girder
stem but in nost cases this is not serious since any required
adj ustment can be nmade before the deck pour. However, the
effect of differential beam deflection during-the girder stem
pour should be investigated as a precautionary nmeasure to
determ ne whet her any adverse consequences W Il occur.

[

L]

t Egm;g\s
i Beam C | Beam B P‘ew
FI GURE 3-9

A nore serious situation naﬁ devel op during the deck pour where
the weight of the deck overhang nmay cause Beam A to defl ect
nore than Beam B, particularly if Beam A is a smaller nenber as
Is sometinmes the case. This differential deflection causes a
downward novenment at Point D relative to Beam B, which pulls
Brace E away fromthe girder stem form panel and |eaves the

sl oping exterior girder unsupported. The weight of the
unsupported exterior girder produces an outward rotational
moment which, if not resisted, wll cause unanticipated
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torsional stresses in the concrete and reinforcing steel at the
girder base. This condition (outward rotational nonent) is
exacerbated by the weight of the deck concrete on the inside of
the exterior girder.

The load applied to the exterior and adjacent interior false-
wor k beans during the deck pour should be investigated in al
cases where the depth of a box girder structure having sloping
exterior girders exceeds five feet. \Wen the applied |oads
result in differential beam deflection of sufficient nagnitude
to cause the exterior girder support systemto becone dysfunc-
tional, the fal sework design nust include a nmeans to resi st
girder rotation. Division of Structures policy requires the
met hod by which this is acconplished, such as tie-backs to the
base of the adjacent interior girder, to be shown on the

fal sework draw ngs.

For various reasons, contractors occasionally follow a three-
step construction sequence in which the soffit slab is placed

i ndependent|ly of the girder stens. Wien the soffit slab is
placed as a separate concrete pour, Beam C will deflect nore
than Beam B and there will be no appreci able deflection at
Beam A. These differential beam deflections will result in an
upward novenent at Point D relative to Beam B. Additionally,
joist continuity wll tend to lift the soffit joist at Point D
as concrete is placed. Upward novenent at Point D resulting
fromthese factors will rotate the girder forminward. |f

t hese novenents are appreciable, it nmay be necessary to realign
the form before placing stem concrete.

3-3.07 Concrete Decks on Steel Grders

Section 55-1.05 of the Standard Specifications includes special
requi rements for fal sework supporting the concrete deck on
steel girder bridges. These requirenents are included to
control the manner in which fal sework | oads are applied to the
steel girder, and thus prevent undesirable distortion of the
per manent structure.

Hori zontal | oads applied to the girder flanges by the fal sework
W groduce a torsional nmonent in the girder. To prevent

possi bl e overstressing of the permanent di aphragm connecti ons,
the fal sework design nust include tenporary struts and/or ties
to resist the full torsional noment and to prevent aPpreciabIe
relative vertical novenent between the edge of deck form and
the adjacent steel girder.

Additionally, the fal sework nmust be so designed and constructed
t hat anﬁ | oads applied to the girder web will be applied within
six inches of a flange or stiffener. The applied | oads nust be
distributed so as to prevent local distortion of the web.
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